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DOPANT FEEDING DEVICE FOR
DISPENSING DOPANT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage application of Inter-
national Application No. PCT/1T2013/000161, filed on Jun.

7, 2013, the disclosure of which 1s hereby incorporated by
reference in 1ts entirety.

FIELD

The field relates generally to the preparation of 1mngots of
semiconductor or solar-grade material, more particularly, to
methods and devices for dispensing dopant during the
production of 1ngots.

BACKGROUND

Single crystal silicon, which 1s the starting material for
most processes for the fabrication of semiconductor elec-
tronic devices and solar cells, 1s commonly prepared by the
so-called Continuous Czochralski (*CCz”) or Czochralski
(“Cz”) methods. In these methods, polysilicon 1n the form of
solid feedstock material 1s charged to a crucible and melted,
a seed crystal 1s brought 1nto contact with the molten silicon
or a melt, and a single crystal 1s grown by slow extraction.

Dopant may be added to the melt to achieve a resistivity
in the silicon. Conventionally, the silicon melt 1s doped by
teeding a dopant into the melt from a feed hopper located
above the silicon melt during a dopant step.

Improper doping can lead to LZD (loss of crystalline
structure) during growth of the crystal in a later process
stage (e.g. crown, body, etc.). Improper doping may be
caused, for example, by providing the wrong amount of
dopant and/or providing the dopant at the wrong time in the
process. Air (oxygen), moisture, and/or other contaminants
may enter the dopant feeding system while dopant 1s being
loaded. The ntroduction of air and moisture into the system
should be avoided, or the air must be removed betore the
doping step, to prevent formation of silicon monoxide,
dopant oxide, sub oxides, and other particles formed by the
airr and moisture reacting with the internal parts of the
turnace, dopant, or the silicon charge.

A need exists for a simple, cost-eflective approach to
controlling the feeding of the dopant into the silicon melt to
regulate the quantity of dopant, the time of feeding the
dopant, and to prevent air and moisture from entering the
system during the Czochralski process of growing a crystal
1ngot.

This Background section 1s intended to introduce the
reader to various aspects of art that may be related to various
aspects of the present disclosure, which are described and/or
claimed below. This discussion 1s believed to be helpful 1n
providing the reader with background imnformation to facili-
tate a better understanding of the various aspects of the
present disclosure. Accordingly, 1t should be understood that
these statements are to be read in this light, and not as
admissions of prior art.

SUMMARY

A first aspect 1s a dopant feeding device for releasing
dopant into a feeder system during doping of a crystal
growing system. The dopant feeding device includes a
dopant container for holding the dopant, a lower valve, and
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an upper valve. The dopant container includes a wall defin-
ing a lower opeming for releasing the dopant therethrough.
The lower valve 1s positioned adjacent the lower opening
and 1s movable between a closed position that 1s 1n contact
with the wall to prevent passage of dopant through the lower
opening and an open position that 1s spaced from the lower
opening to allow passage of dopant therethrough. The upper
valve 1s positioned above and connected to the lower valve.
The upper valve 1s disposed within the dopant container and
1s movable between a first position that 1s spaced from the
dopant container and a second position that 1s 1n contact with
the dopant container.

Another aspect 1s a method for releasing a predetermined
amount of a dopant for use 1n a feeding system with a dopant
teeding device having a dopant container and an upper valve
and a lower valve. The dopant container includes a wall
defining a lower opening for release of the dopant there-
through. The method includes loading the dopant container
with dopant and positioning the lower valve within the lower
opening to prevent passage ol dopant therethrough. The
method further includes positioning the upper valve in
spaced relation to the wall of the dopant container to allow
dopant from the dopant container to pass between the upper
valve and the wall of the dopant container. Additionally, the
method includes causing movement of the lower valve to a
position that i1s spaced from the lower opening to allow
passage of dopant and causing movement of the upper valve
to contact the dopant container to prevent dopant from the
dopant container from passing between the upper valve and
the wall of the dopant container.

Various refinements exist of the features noted 1n relation
to the above-mentioned aspects. Further features may also
be incorporated in the above-mentioned aspects as well.
These refinements and additional features may exist indi-
vidually or 1n any combination. For instance, various fea-
tures discussed below in relation to any of the illustrated
embodiments may be incorporated into any of the above-
described aspects, alone or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a front elevation of a crystal growing system 1n
accordance with one embodiment; and

FIG. 2 1s a cross sectional view of a dopant feeding device
in accordance with FIG. 1.

Corresponding reference characters indicate correspond-
ing parts throughout the several views of the drawings.

DETAILED DESCRIPTION

Referring to FIG. 1, a crystal growing system for the
production of single crystal ingots by a Czochralski process
1s generally indicated at 10. The system 10 includes a
furnace 12 having or a melt 14 or a molten silicon charge
located therein, a puller 16 for lowering a seed crystal nto
the melt and raising the single crystal ingot therefrom, a gas
doping system 18 for introducing a dopant into the furnace,
and a dopant feeding device 100 for dispensing dopant to
dope the melt.

Referring to FIG. 2, the dopant feeding device 100 of this
embodiment 1s not permanently connected with the furnace
and 1s mobile, allowing it to be used on multiple furnaces.
The dopant feeding device can be used for all types of p-type
and n-type dopant. The dopant feeding device 100 provides
a controlled releasing of a predetermined amount of dopant
in the form of a charge. The dopant feeding device 100
includes a support assembly 110, a fill assembly 1350, a
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hopper 200, a double valve system 250, a purging system
300, and a control system 350 (shown in FIG. 1).

The support assembly 110 1ncludes a fixing plate 112 held
in spaced relation to the hopper 200 by a plurality of distance
holders 114. The fixing plate 112 has a plurality of hooks 116
for transporting the dopant feeding device 100 between
turnaces (not shown). The dopant feeding device 100 of this
embodiment 1s not permanently attached to a particular
furnace, and 1s able to be used on multiple furnaces. The
hooks 116 may be connected with a lifting device, e.g. a
chain block or other suitable device (not shown), for moving
the dopant feeding device 100 between the different fur-
naces. In other embodiments, the dopant feeding device 100
1s not mobile and 1instead 1s fixed to a furnace.

The fill assembly 150 includes a feed tube 152 connected
with a fill port 154 located above the fixing plate 112, the
feed tube 152 extends through the fixing plate and down 1nto
the hopper 200.

The fill port 154 includes a lid 156 having a complimen-
tary internal structure to the fill port 154 to form the seal
therebetween. In some embodiments, the lid 156 has a
pressure release valve (not shown) for equalizing pressure
between the space internal to the fill port and the space
external to the lid.

The fill port 154 1includes a passageway 138 therethrough
that 1s larger at a top end 160 than at a bottom end 162,
forming a funnel to ease loading of dopant into the feed tube
152. To load dopant into the dopant feeding device 100, the
l1d 156 1s removed and dopant 1s poured 1nto the fill port 154.
The dopant falls down the feed tube 152 and 1s stored 1n the
hopper 200.

The hopper 200 includes an upper plate 202, a surround-
ing wall 204, and a ground plate 206. The upper plate 202
1s connected to and sealed with an O-ring 230 to the top of
the surrounding wall 204. The surrounding wall 204 1s
located on top of the ground plate 206.

A dopant container 210 for storing the dopant 1s located
inside of the hopper 200 and 1s connected with the lower end
of the feed tube 152 so that the dopant can fall into the
dopant container from the dopant feeding tube. The dopant
container 210 1s mounted to the upper plate 202 of the
hopper 200 with spacers 212. The spacers 212 prevent the
dopant container 210 from being closed off to the rest of the
internal volume of the hopper 200 and allow 1nert gas to tlow
out of the dopant container 210. The dopant container 210
has a lower opening 214 that 1s connected with a dopant
tfunnel 220 through the double valve system 2350. The dopant
tfunnel 220 1includes an exat 222 at 1ts lowermost point that
releases dopant into the furnace 12 or feed system 18
through a communication hole 208 1n the ground plate 206
of the hopper 200.

The double valve system 250 includes a lower valve 252
and an upper valve 254. The lower valve 252 1s connected
with a pneumatic actuator 260, e.g., by a rod 256. The
pneumatic actuator 260 1s mounted to the fixing plate 112
and has an actuator body 262 that 1s aligned with the center
of the fixing plate through a centering pin 292. The actuator
body 262 includes a top, a bottom, and sides extending
therebetween. The top and bottom of the actuator body 262
limit vertical movement of a piston 276 located within the
actuator body. A spacer or distance plate 278 i1s positioned
between a lower, internal surface of the actuator body 262
and a lower surface of the piston 276.

The piston 276 1s connected with a bellows system 280.
A second centering pin 294 aligns the piston 276 and the
bellows system 280. The bellows system 280 includes a
lower flange 282 that 1s attached to the upper plate 202 of the
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hopper 200 and an upper tlange 284 spaced vertically from
the lower tflange 282. The upper tlange 284 1s connected with
the piston 276. The rod 256 1s connected with and extends
from the upper flange 284 of the bellows system 280 down
to the lower valve 252. A third centering pin 296 aligns the
rod 256 with the center of the upper flange 284. Vertical
movement of the piston 276 produces vertical movement of
a portion of the bellows system 280 causing the rod 256 to
move vertically, which moves the lower valve 252 vertically.

All movable parts are coaxially aligned with the lower
opening 214 through the dopant container 210 by centering
pins 292, 294, and 296, which ensure alignment between the
various parts.

A bellows 286 1s sealed to the upper flange 284 with an

O-ring 288 and extends downward through the lower flange
282. The bellows 286 1s sealed to the upper plate 202 of the
hopper 200 with another O-ring 290. The O-ring seals 288,

290 prevent leakage of gas from around the rod 256, ¢.g., gas
that passes through the upper plate 202 of the hopper 200.

The lower valve 252 1s conical 1n shape to allow 1t to be
pulled upward and into the lower opening 214. The upper
valve 254 has the shape of a conical frustum to allow dopant
to fall down and around the upper valve and 1nto the space
under the upper valve. The conical shape of the lower valve
252 automatically centers the lower valve with respect to the
opening 214 of the dopant container 210 when the lower
valve 1s closed.

In some embodiments, the lower valve and upper valve
may have other sizes and shapes based on the size and shape
of the dopant container and corresponding to the size and
shape of the dopant granules to be used in the dopant feeding
system.

The upper valve 254 has the ability to slide vertically
along a portion of the rod 256. The lower valve 252 is
attached to the bottom of the rod 256 and retains the upper
valve 254 on the rod.

A spring 258 surrounds the rod 256 and extends from
within the bellows system 280 to the upper valve 254 to bias
the upper valve downward toward the lower valve 252.
Downward movement of the rod 256 pushes the lower valve
252 down causing the lower valve to move away from the
lower opening 214 and to open. As the lower valve 252 1s
moved downward, the spring 258 expands and forces the
upper valve 254 down also. The downward movement of the
upper valve 254 1s limited by contact of the upper valve with
the dopant container 210 causing the upper valve to close
against the dopant container. Upward movement of the rod
256 pulls the lower valve 252 up to close the lower valve
against the lower opening 214. As the lower valve 252 1s
raised, 1t reacts against the bottom of the upper valve 2354
forcing the upper valve up, compressing the spring 258.

The lower valve 252 and upper valve 254 work together
to release a preset amount of dopant called a dopant charge.
This preset dopant charge 1s more precisely controlled than
a dopant charge from a standard single exit valve, which 1s
generally located on the bottom of a dopant container.

The double valve system 250 allows the dopant charge to
be released 1n smaller or larger portions, over a variety of
times, depending on the preset parameters of the upper valve
254. The dopant charge size and the time between dopant
releases can be reduced to a minimum to provide a “quasi-
continuous feeding.”

During operation, dopant located 1n the dopant container
210 passes by the upper valve 254 to {ill a chamber 216
defined as being between the upper valve and the dopant
container. The volume of this chamber 216 defines the
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dopant charge or the amount of dopant to be released by the
next opening 214 of the lower valve 252.

As discussed above, opening the lower valve 252 closes
the upper valve 254 and prevents additional dopant from
entering the chamber 216. Opening the valve also releases
the limited amount of dopant that 1s within the chamber. As
a result, the size of every dopant charge 1s independent of the
time the double valve system 250 1s open, pressure fluctua-
tions within the dopant feeding device 100, and differences
in mechanical response times for the double valve system
250.

The maximum translation distance of the piston 276 of the
actuator 260 may be limited by or set with distance plates
278 having different heights or by combining two or more
different distance plates having the same or difierent heights.
The pneumatic actuator 260 1s connected to two fittings 266
via two tubes 264 that are installed on a small adapter plate
268. This adaptor plate 268 1s attached to the ground plate
206 of the hopper 200 with spacers 270.

Two quick connect systems 272 are mounted to the
adapter plate 268 as inlets for compressed air to allow the
dopant feeding device 210 to be mounted and demounted
without the use of tools. The tubes 264 may have a pressure
gauge (not shown) istalled to indicate the working pressure
inside the tubes 264. Applying air pressure through one or
the other of these tubes 264 to one side or the other of the
piston 276 forces the piston, lower valve 252, and upper
valve 254 down or up, respectively.

Since the upper valve 254 1s able to slide on the rod 256,
the pneumatic actuator 260 pushes the rod down and the
lower valve 252 opens and the upper valve 254 closes
against the dopant container 210, pressed down by the spring
258. Once the upper valve 254 touches the inside of the
dopant container 210, the rod 265 continues downward
pushing the lower valve 252 farther downward. As the lower
valve 252 1s forced down and away from the dopant con-
tainer 210, the lower opening 214 in the dopant container 1s
opened releasing the dopant charge encapsulated in the
chamber 216. Opening the lower valve 2352 closes the upper
valve 254 preventing additional dopant from entering and
falling out of the dopant chamber 216 through the lower
opening 214.

Once the lower valve 252 1s opened and the dopant falls
out of the chamber 216, the dopant enters into the dopant
funnel 220 located below the dopant container 210. The
dopant then travels mto and through the communication hole
208 of the dopant funnel 220 into the feeder system located
below the hopper 200.

The double valve system 250 1s actuated by the pneumatic
actuator 260, which 1s independent of the crystal pulling
turnace. The dopant feeding system 100 1s independent from
the furnace and thereby provides a mobile device that can be
removed from a furnace without disconnecting wires or
sensors. The supply of pressurized air 1s connected with the
dopant feeding device through a quick connection system
that may be coupled to the dopant feeding device when the
dopant feeding device 1s installed.

Upward movement of the pneumatic actuator 260 pulls
the double valve into an upper position. As the lower valve
252 1s raised, the upper valve 254 1s pushed upward so that
the upper valve 254 opens when the lower valve 252 closes.
This double valve provides a dopant charge size that is
repeatable.

Repeating the opening and closing of the double valve
system 230 allows all of the dopant in the dopant container
210 to be released over a preset amount of time. The timing
of the operation of the double valve system 250 may be set,
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¢.g., 1n a controller or 1n controller parameters to allow the
dopant release to be automatically controlled.

The dopant feeding device 100 includes the purging
system 300 to prevent contaminants (for example, air and
moisture) from entering the furnace. The purging system
300 includes a first connection 302 connected with an 1nert
gas or argon supply 304 and a second connection 306 having
a vacuum port 308 that 1s connected with a vacuum source.
Together the argon supply 304 and vacuum port 308 act to
purge the dopant feeding device 100 before and during the
doping step. The hopper 200 has two connections to argon.
One connection 1s the argon inlet port or the first connection
302 and one 1s the communication hole 208 in the hopper
ground plate 206. The communication hole 208 allows argon
gas to be exchanged with the feeder system 18.

The pneumatic actuator 260 1s suitably controlled by the
control system 350 or controller, e.g., a computer processor.
The controller automatically regulates the partial- and the
total-doping times through software (SW) parameters. The
controller provides control of parameters associated with the
amount and the timing of dopant being released. These
preset controller parameters provide automated control of
the pneumatic actuator 260. In some embodiments, these
parameters can be adjusted in the controller during the
dopant process.

The opeming and closing of the double valve system 250
1s controlled through the timing parameters of the controller
which control the release of the dopant charge by regulating
the pneumatic actuators 260. The double valve system 2350
climinates unwanted variation 1n the quantity of the released
dopant charges, e.g., varniations caused by deviations 1n
mechanical responses of the previously used pneumatic flap
systems. However, the double valve system 250 may also be
used to vary, as needed, the dopant quantity being released
by adjustment of the height of the upper valve 254 with
respect to the lower valve 252.

The controller has preset controller parameters to auto-
matically control the doping process. The pneumatic actua-
tor 260 1s connected with a double valve system 250 to
provide a preset amount of dopant charge based on the preset
controller parameters. The upper valve 254 of the double
valve system 250 and the controller parameters may be
changed to allow the dopant charge to be released 1n smaller
or larger portions over a specified time. The dopant charge
size and the time between dopant charge releases can be
reduced to a minimum to obtain a “quasi-continuous feed-
g’

The dopant 1n the dopant container 210 1s gravity fed into
the chamber 216 under the upper valve 254 to {ill the space
between the upper valve, the lower valve 252, and the
dopant container 210. The amount of dopant 1n the chamber
216 1s released by the opening of the lower valve 252.
Opening the lower valve 252 to release the limited amount
of dopant charge causes the upper valve 254 to close and
prevents further dopant from being fed into and exiting the
dopant chamber 216. The size of the released dopant charge
1s 1ndependent of the amount of time the lower valve
remains open. Thus, the size of the dopant charge 1s also
independent from pressure fluctuations and the different
mechanical response times for the valve system.

To load the dopant feeding device, the pressure inside the
device 1s stabilized at atmosphere pressure. The lid 156 of
the dopant filling port 154 may then be removed to load the
dopant feeding device 100 with dopant. The dopant is
collected 1n the dopant container 210, and 1s retained therein
by the lower valve 252. As the dopant collects within the
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dopant container 210, the chamber 216 under the upper
valve 254 1s filled with dopant.

The dopant feeding device 100 may be purged with argon,
to displace contaminates (air, oxygen, and moisture or other

contaminants) within the device. This 1s suitably done by

applying a vacuum that i1s greater than 100 mbar to remove
contaminates from inside the device. The vacuum source
may be attached to the first connection 302.

Additionally, the dopant feeding device 100 1s connected
to a feeder system through the communication hole 208. A
vacuum may also be connected with the commumnication
hole 208 to allow the contaminants to be removed from the
hopper 200 very efliciently. This removal step may be
repeated several times to ensure a complete absence of
contaminates within the dopant feeding device 100.

A high argon tlow may be used to keep the inside of the
device clean from deposited powders derived from normal
usage. Alter purging the device, a leak test may be per-
formed by evacuating the device and monitoring the internal
pressure, which will increase 11 there 1s a leak 1n the dopant
teeding device 100.

After the dopant feeding device 100 1s loaded with dopant
through the fill port 154 in the top of the dopant feeding
device, the complete dopant feeding device 1s evacuated and
then filled with argon. This cycle may be repeated one or
more times (normally 3 times) to reduce the risk of con-
taminates remaining within the inside of the dopant feeding
device 100. Fluxing the dopant feeding device 100 during
the doping step 1s required for some doping techniques, such
as gas doping because a back stream of evaporated dopant
must be avoided. Continuously fluxing of the dopant feeding
device prevents the formation of oxides (e.g. silicon oxide),
accumulation of dust in the feeding unit, and dopant vapor
back stream can be avoided.

Use of devices consistent with this disclosure provides a
controlled dopant release. In addition, the amount of dopant
that 1s released per charge 1s independent of the granular size
and the shape of the granules. Furthermore, the devices
provide automatic control of the timing of dopant release
during the doping step of the Czochralski process. Timing
control of the dopant step enables more eflicient doping of
the silicon melt, keeps the hot zone of the furnace cleaner,
and provides precise delivery of the dopant for certain
doping techniques.

During operation, the lower valve must open or move
enough to create a distance between the lower valve and the
dopant container that 1s greater than the diameter of the
dopant granules to allow the dopant to pass thereby. Once
the lower valve 1s opened enough to release the dopant, the
upper valve sits on and slides down with the dopant as the
dopant located within the chamber 1s released. When the
chamber 1s empty, additional dopant 1s prevented from
entering the chamber because the distance between the
upper valve and the dopant container 1s too small to allow
other granules to pass therebetween. Additionally, the opera-
tion of the pneumatic actuator 1s too fast to allow additional
dopant to enter the dopant chamber.

The devices enable the quantity of every dopant charge
released by the dopant feeding device to be controlled
through the internal double valve system. The double valve
allows setting the required dopant amount for every feeding
step, guaranteeing a homogeneous feeding of a charge of the
dopant. The standardized size of dopant charge 1s an 1mpor-
tant parameter for the doping step during the Czochralski
process, and enables new doping techniques, such as fully
automatic gas doping process.
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Another advantage of the devices 1s that the amount of
released dopant charge 1s independent from the time the
valve remains open and closed. As a result, the process of
dopant feeding 1s repeatable and can be standardized. Thus,
the variations in the amount of released dopant charges
caused by pressure fluctuations or mechanical timing prob-
lems of the valve are eliminated. Further, the devices may be
used with all types of p-type and n-type dopant.

When introducing elements of the present disclosure or
the embodiments thereof, the articles “a”, “an”, “the” and
“said” are mtended to mean that there are one or more of the
clements. The terms “comprising”’, “including” and “hav-
ing’” are intended to be inclusive and mean that there may be
additional elements other than the listed elements. The use
of terms indicating a particular orientation (e.g., “top”,
“bottom™, “side”, etc.) 1s for convenience of description and
does not require any particular orientation of the item
described.

As various changes could be made 1n the above construc-
tions and methods without departing from the scope of the
invention, i1t 1s intended that all matter contained in the
above description and shown 1n the accompanying drawings
shall be interpreted as 1llustrative and not 1n a limiting sense.

The mmvention claimed 1s:

1. A dopant feeding device for releasing dopant into a
teeder system during doping of a crystal growing system, the
dopant feeding device comprising:

a dopant container for holding the dopant, the dopant
container including a wall defining a lower opening for
releasing the dopant therethrough;

a lower valve positioned adjacent the lower opening, the
lower valve being movable between a closed position
in contact with the wall to prevent passage of dopant
through the lower opeming and an open position spaced
from the lower opening to allow passage of dopant;

an upper valve positioned above and connected to the
lower valve, the upper valve disposed within the dopant
container, the upper valve being movable between a
first position spaced from the dopant container and a
second position 1n contact with the dopant container;
and

a pneumatic actuator connected with the lower valve to
move the lower valve from the closed position to the
open position, wherein the pneumatic actuator 1s con-
nected with the lower valve through a rod.

2. The dopant feeding device of claim 1, further compris-
ing a spring located around the rod to bias the upper valve
toward the lower valve.

3. The dopant feeding device of claim 1, further compris-
Ing a purging system to remove contaminants from within
the dopant feeding device.

4. The dopant feeding device of claim 3, wherein the
purging system includes a vacuum connection to evacuate
the dopant feeding device of contaminants and an inert gas
connection to pressurize the dopant feeding device.

5. The dopant feeding device of claim 1, further compris-
ing a controller to regulate movement of the pneumatic
actuator and positions of the lower valve and the upper
valve.

6. The dopant feeding device of claim 1, further compris-
ing a fill port connected with the dopant container to load the
dopant into the dopant container.

7. The dopant feeding device of claim 6, further compris-
ing a lid connected to the {ill port to form a seal therebetween
to allow pressurization of the dopant feeding device.

8. A method for releasing a predetermined amount of a
dopant for use 1n a feeder system with a dopant feeding
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device having a dopant container and an upper valve and a
lower valve, the dopant container including a wall defining
a lower opening for release of the dopant therethrough, the
method comprising:
loading the dopant container with dopant;
positioning the lower valve within the lower opening to
prevent passage ol dopant therethrough;
positioning the upper valve 1n spaced relation to the wall
of the dopant container to allow dopant from the dopant
container to pass between the upper valve and the wall
of the dopant container;
causing movement of the lower valve to a position spaced
from the lower opening to allow passage of dopant; and
causing movement of the upper valve to contact the
dopant container to prevent dopant from the dopant
container from passing between the upper valve and the
wall of the dopant container, wherein the movement of
both the lower valve and the upper valve are caused by

10
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activation of a single pneumatic actuator connected
with both the lower valve and the upper valve.

9. The method of claim 8, further comprising the step of
purging the dopant feeding device ol contaminants.

10. The method of claim 9, wherein the purging step
includes evacuating the dopant feeding device by a vacuum
connected with the dopant feeding device.

11. The method of claam 9, wherein the purging step
includes injecting an inert gas into the dopant feeding
device.

12. The method of claim 11, wherein the mert gas mnjected
into the dopant feeding device 1s argon.

13. The method of claim 8, further comprising the step of
positioning the dopant feeding device adjacent to the feeder

system to allow dopant released from the dopant feeding
device to enter into the feeder system.

¥ ¥ # ¥ ¥
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